Typhlocybinae. Typhlocybini: Eurhadina pulchella (Fallén, 1806) , Ribautiana ulmi (Linnaeus, 1758) , Edwardsiana munda (McAtee, 1926) , Fagocyba douglasi (Edwards, 1878), Aguriahana germari (Zetterstedt, 1840) ; Erythroneurini: Erythroneura bistrata McAtee, 1920 , E. corni Robinson, 1924 , Eratoneura adunca (Beamer, 1932 , E. lawsoni (Robinson, 1924) ; E. aesculi (Beamer, 1932) ; Dikraneurini: Dikrella cedrelae (Oman, 1937) , Notus flavipennis (Zetterstedt, 1828) Dmitriev, 2001 Dmitriev, , 2002a Dmitriev, , b, 2003 Dmitriev, , 2004a Dmitriev, , b, 2006 Dietrich & Dmitriev, 2003) .
To reconstruct a hypothetical ground plan of the head of Auchenorrhyncha, as well as the directions of the head evolution, different comparisons were made. The head of Auchenorrhyncha was compared to the generalized head structure of an insect (e.g., see Snodgrass, 1935; Matsuda, 1965) and the exuviae of a cricket. The changes of the head structures were studied on both, nymphs of different instars and adults. The head of Auchenorrhyncha was compared to the insect ground plan including the ground plan of Permian Diaphanopterodea, which had the piercing and sucking mouth parts (Kukalová-Peck, 1985 , 1987 , 1991 , 1992 , 2008 . Finally, the phylogenetic relationships among Membracoidea were taken into account (Dietrich et al., 2001) . Posterior surface and the internal structure of the head capsule have not been studied.
List of terms and abbreviations
a -antenna; ac -anteclypeus (= clypellus, after Oman, 1949); acr -anterior carina dividing head to crown and face; al -antennal ledge; am -acrometope, after Anufriev & Emeljanov, 1988 -dorsal portion of frontoclypeus = metope; at -anterior tentorial pit; cgs -clypeogenal suture; cls -clypeal suture; co -coryphe, see v -vertex; cr -crown (= mc -macrocoryphe, after Anufriev & Emeljanov, 1988) -dorsal surface of head; cs -coronal suture (= epicranial stem); e -eye; elecdysial line (= pfs -postfrontal suture, epicranial arms); emeumetope, after Anufriev & Emeljanov, 1988 -ventral portion of frontoclypeus = metope; er -impression of internal epistomal ridge; es -epistomal suture (= frontoclypeal suture); f -frons; fc -face -anteroventral surface of head; fcl -frontoclypeus (= mt -metope, after Anufriev & Emeljanov, 1988) ; fs -frontal suture; g -gena; l -lorum (= mandibular plate, paraclypeus, jugum); lb -labrum; mo -median ocellus; mp -maxillary plates; msp -maxillary sensory pit; mt -metope, see fcl -frontoclypeus; oc -ocellus (ocelli); pc -postclypeus; pf -postfrons (= mt -metope, after Anufriev & Emeljanov, 1988) ; ra -remnants of original anterior carina dividing crown and face; racrudimentary anterior carina; sc -secondary anterior carina; sgs -subgenal suture; v -vertex (= co -coryphe, after Anufriev & Emeljanov, 1988) .
RESULTS

Ground plan of Auchenorrhyncha
The generalized head of Auchenorrhyncha ( Fig. 1 ) is immovably attached to the pronotum and bears two large compound eyes (e) and three ocelli (oc, mo). The head is divided by sutures into several sclerites. One of the most important boundaries for understanding relations among higher level taxa is the transverse epistomal suture (es) continued laterally as the subgenal suture (sgs). The epistomal suture is always connected with the anterior tentorial arms and marked externally by the anterior tentorial pits (at), which are positioned close to the bases of the antennae (a). The epistomal suture in Auchenorrhyncha also has two small impressions which mark the position of the internal epistomal ridge (er). The medial portion of the head below the epistomal suture is the clypeus, divided by the transverse clypeal suture (cls) into a smaller lower portion, the anteclypeus (ac), and an upper larger portion, the postclypeus (pc). Below the clypeus, the head is extended into the rostrum (labium) covered basally by the labrum (lb). On each side, the clypeus is bordered by the lorum (l). The lateral portion of the face, delimited by the lorum medially and by the subgenal suture dorsally is the maxillary plate (mp), bearing a small sensillum usually deeply placed inside the maxillary sensory pit (msp) and not visible externally. This sensillum may represent a remnant of the maxillary palpus (Evans, 1973) . The lateral portion of the face above the subgenal suture and bearing the antenna (a) is the gena (g). The antenna in its plesiomorphic condition is segmented. The gena is delimited dorsally by the antennal ledge (al). The small triangular area above the epistomal suture is the frons (f). It is delimited dorsally by the position of the median ocellus (mo) and laterally by the frontal suture (fs). The area above the frons is the postfrons (pf, or metope after Anufriev & Emeljanov, 1988, mt) . The postfrons is delimited laterally by the postfrontal suture (pfs) or ecdysial line (el). The large dorsal portion of the head, delimited laterally by the compound eyes (e) and anteriorly by the antennal ledges and ecdysial line, is the vertex (v). The vertex and postfrons are divided medially by the coronal suture (cs), reaching the frons anteriorly. The vertex bears two ocelli, which are usually placed close to the ecdysial line. During moulting, the cuticle of the head breaks forming a Y-shaped split along the coronal suture on the vertex and the ecdysial line. In adults, the ecdysial line is usually not visible.
Modifications of the head structure
In general, all sutures dividing the head sclerites are more pronounced in nymphs than in adults. The most important changes of the head relate to modification of the proportions of its main sclerites which provide characters that distinguish the main lineages of Auchenorrhyncha.
In Fulgoroidea, the head (Fig. 3E , F) in general is very similar to the ground plan (Fig. 1 ). It has a greatly enlarged postfrons, while the small clypeus occupies the lower portion of the face; the epistomal suture is usually distinct; the frons and median ocellus are often reduced; the ecdysial line is on the dorsum of the head. The position of the epistomal suture is confirmed by the position of the median ocellus and by two small impressions marking the position of the internal epistomal ridge; the anterior tentorial arms are apparently strongly reduced in Fulgoroidea (Bougoin, 1986a) . In some Cixiidae and Delphacidae, the head has a carinate anterior margin with the carina passing in front of the ecdysial line (Fig. 4D) . In this situation, the dorsal surface of the head has a complex structure: the vertex is restricted to its posterior part behind the ecdysial line and a portion of the postfrons between the ecdysial line and the anterior carina occupies its anterior part. In order to emphasize the complexity of the dorsal surface of the head, it is referred to as the crown, a morphologically neutral term (cr, or macrocoryphe -mc, as suggested by Anufriev & Emeljanov, 1988) . Following the terminology of Anufriev & Emeljanov (1988) , the dorsal portion of the postfrons, may be referred to as the acrometope (am) and the lower portion as the eumetope (em). The antenna in Fulgoroidea usually has strongly enlarged two basal segments and an annulated distal segment with a bulbous base.
In contrast to Fulgoroidea, the postfrons in Cicadoidea, Cercopoidea, and Membracoidea is a relatively small sclerite. The head of Cicadoidea (Fig. 3A , B) also resembles that of the ground plan of Auchenorrhyncha. Its main modification is that enlargement and inflation of the postclypeus pushed the epistomal suture and frons to the dorsum of the head. The frons and postfrons are distinct; the ocelli in nymphs are vestigial, but usually traceable. The anterior tentorial pits remain on the face close to the antennal bases, but the two impressions indicating the position of the internal epistomal ridge are easily visible in the middle of the epistomal suture on the dorsum of the head. The antenna is segmented entirely along its length.
The head of Cercopoidea nymphs (Fig. 3C, D) is very similar to that of Cicadoidea: the postclypeus is greatly enlarged and extends to the dorsum, the epistomal suture is distinct; however, the frontal suture is vestigial, and the median ocellus is absent. The head of Cercopoidea usually transforms significantly after moulting into the imago. From rounded, the crown-face transition becomes carinate. The rudimentary anterior carina (rac) is often traceable as a pale line on the dorsal part of the post- clypeus in nymphs (Figs 3D, 4B) . After moulting, a portion of the postclypeus restricted anteriorly by the anterior carina and posteriorly by the epistomal suture becomes embedded into the crown as a distinct plate. In adults the ecdysial line is not distinct and Evans (1968) incorrectly interpreted the dorsal part of the postclypeus of Cercopidae as the frons. The antenna is segmented entirely along its length in nymphs, but the flagellum loses its segmentation in adults.
In Membracoidea nymphs ( Fig. 3G , H), the epistomal suture and the frons are reduced, but in many groups they are still traceable by paler pigmentation (Figs 12B, 13B, D) and sometimes by an impression in the cuticle (Figs 5B, 6C, 9D, F). In two groups, Hylicinae and Proconiini, the frons is often extended into a long process ( Fig.  11A-D) , which may be absent in adults. In Membracoidea, the epistomal suture is always on the face (Figs 5-13). The postclypeus occupies a large portion of the face and, excepting Hylicinae and some Proconiini (Cicadellinae), is fused with the frons and postfrons to form the frontoclypeus (fcl). The antenna is usually annulated, but in Myerslopinae, it is segmented throughout its length (Fig. 9B) , and in many groups (Ledrinae, Batysmatophorinae, Aphrodinae, and some others), the antennae are segmented basally (Fig. 11H ). The ecdysial line and ocelli may be on the face or on the crown.
The head similar to the ground plan, with a rounded crown-face transition, remains only in a few groups of Membracoidea, in particular, Membracidae, Aetalionidae (part), some Agalliini (Megophthalminae); Macropsinae, Eurymelinae, Idiocerinae, Iassinae (part), and Xestocephalini (Aphrodinae) (Figs 4E, 6A, C, 7E, F, 8B). In other groups, the head is modified by the development of an anterior carina, which apparently was gained and lost multiple times within Membracoidea.
Nymphs of Coloborrhinini (Ulopinae) and some Membracidae have a rounded frontoclypeus, and the strongly enlarged antennal ledges forming a bilobed anterior head margin, such that a portion of the frontoclypeus is bent onto the crown (Figs 4I, 6F, G).
Nymphs of Aetalionidae, Typhlocybinae, Ulopinae (except for Coloborrhinini), Megophthalminae (Megophthalmini, Adelungiini, and some Agalliini) have a transverse carina above the ecdysial line (Figs 4C, F, 5, 6D, E, H, I, 7A, B, G-J, 8A). In this case, the anterior margin of the head is often straight or bilobed. In the case of Megophthalmini, nymphs have two anterior carinae, one tracing the ecdysial line and another one above this line (Fig. 7A, B) . The anterior carina is often absent in adults.
In some Megophthalminae (Megophthalmini, Durgulini, Evansiolini), Aphrodinae (Aphrodini, Xestocephalini), and Iassinae (Platyjassini, Scarini), the carina passes along or very close to the ecdysial line (Figs 4G, 7A-D, 8C-E).
Many groups of leafhoppers, such as Errhomenini (Aphrodinae), Myerslopiinae, Coelidiinae, Ledrinae, Tartessinae, Evacanthinae, Portaninae, Neocoelidiinae, Hylicinae, and some Deltocephalinae, have a transverse carina below the ecdysial line but above the frons and epistomal suture (Figs 4H, 8F, 9, 10, 11A, B, 12) . This is very similar to Fulgoroidea, in which the postfrons is divided into two parts by a transverse carina (Figs 3E, F, 4D) . The portion of the postfrons above the anterior carina may be referred to as the acrometope. The presence of the acrometope is an important character for distinguishing leafhopper subfamilies, although in some, especially pale colored specimens, it is not always easy to see. In nymphs of Cicadellinae, Bathysmatophorini, Neobalinae, some Deltocephalinae (e.g. Athysanini, Goniagnathini, Macrostelini), and Nioniinae, the crown-face transition became secondarily rounded, but usually retains distinct traces of the anterior carina and acrometope (Figs 3G, H, 4K, 11C-H, 13A-D, I). In some Deltocephalinae, the head is secondarily carinate, usually with distinct traces of the original carina. In Drakensbergenini and Chiasmini, the secondary carina is situated anterad of the primary one, with a distinct triangular acrometope on the dorsal side of the flattened head and two postfrontal scler- ites laterad of it (Figs 4N, 13G, H) . In Koebeliina (Deltocephalinae, Koebeliini), on the other hand, the secondary carina is above the primary one, so that the original acrometope is divided by the anterior carina into two parts, visible on the dorsal and ventral sides of the head anterior margin ( Figs 4O, 13E, F) .
Besides the transverse carina, many groups of leafhoppers, similarly to Fulgoroidea, have a median longitudinal carina on the crown and/or on the face, complete or incomplete (e.g., Coelidiinae, Evacanthinae, and some Deltocephalinae) ( Figs 7J, 8F, 9B, 10A , B, H, 12F-H, K). The crown of nymphs in some leafhoppers may be elevated and separated from the eyes by lateral carinae (Coelidiinae, Neocoelidiinae, Evacanthinae, Portaninae) (Fig.  10) . The gena of Coelidiinae often has a longitudinal carina separating the frontoclypeus from the eye (Fig.  10B) .
The subgenal suture is well developed in only one subfamily of leafhoppers, Ulopinae ( Figs 4F, I, 6E, G, I ). The median ocellus is absent; the position of the two other ocelli, if they are present, usually correlates with the position of the ecdysial line. The ecdysial line is not always well visible in leafhopper nymphs, but nymphal exuviae may provide additional information. The ecdysial line laterally may terminate at the postclypeus or reach the antennal ledges. During moulting, the cuticle of the head may or may not break along the ecdysial line; in Ledrini (Ledrinae), the ecdysial line is completely reduced and the cuticle breaks apparently in some random position ( Figs 4L, 9D) . The head of nymphs of many groups of leafhoppers (Cephalelini (Ulopinae), Evacanthinae, Dorycephalini (Deltocephalinae), and others), like the head of Fulgoroidea (e.g., Dictyopharidae, Fulgoridae, some Delphacidae), may became extremely elongate ( Figs 6H, I , 7I, J, 12C-K, 13G), but usually, all parts of the head become proportionally expanded. Nymphs of Hylicinae and Proconiini (Cicadellinae) often have a head with an elongated apical process originating from the frons (Figs 4J, M, 11A-D). In the groups with an elongated head it is not uncommon for nymphs possessing long heads to develop into adults with short heads [e.g., Proconiini (Cicadellinae), Drabescini (Deltocephalinae)].
Notes on heads of Membracoidea nymphs Superfamily MEMBRACOIDEA
Family MEMBRACIDAE
The head has a short crown and rounded crown-face transition; the acrometope is not developed (Fig. 4E) . The ecdysial line is usually on the face. In some genera, the antennal ledges are strongly enlarged and form the anterior margin of the crown, in which case the ecdysial line is on the dorsal surface of the head similar to Coloborrhinini (Ulopinae) (Figs 4I, 6F, G) .
Family AETALIONIDAE
The head is similar to that of Membracidae, but usually has a transverse carina above the ecdysial line ( Figs 4C,  5) . The ecdysial line has long arms terminated at the bases of the antennae. The epistomal suture is usually well developed. The ocelli are on the face above the ecdysial line. The crown is short and broad.
Family CICADELLIDAE Subfamily Eurymelinae
The crown is broad, with a broadly rounded anterior margin subparallel to the posterior margin. The crownface transition is broadly rounded, without a transverse carina; the acrometope is not developed (Figs 4E, 6A) . The ecdysial line forms a sharp angle. The epistomal suture is not traceable. The maxillary sensory pit is on the lowermost part of the maxillary plate.
Subfamily Idiocerinae
The head is similar to that of Eurymelinae (Fig. 4E ), but with an obtuse angle formed by the ecdysial line. In some species the epistomal suture is well developed.
Subfamily Austroagalloidinae
The head is similar to that of Eurymelinae (Figs 4E, 6B). The epistomal suture is well developed and slightly carinate; in adults, this carina is absent, but a new carina behind the ecdysial line is developed. The maxillary sensory pit is on the posterior surface.
Subfamily Macropsinae
The crown is broad, with a widely rounded anterior margin subparallel to the posterior margin. The crownface transition is broadly rounded, without a transverse carina; the acrometope is not developed. The epistomal suture is traceable in some species, it is slightly discolored, and there are often two impressions in the middle of the frontoclypeus (Figs 4E, 6C ).
Subfamily Megophthalminae
The crown has a rounded, straight, or bilobed anterior margin; rarely the head is produced (some Adelungiini) (Fig. 7I, J) . The crown-face transition is rounded ( Figs  4E, 7E, F) or carinate, in which case the ecdysial line is on the face (Adelungiini, Megophthalmini, and some Agalliini) ( Figs 4C, 7A , B, G-J), or the ecdysial line traces the anterior carina (Evansiolini and Durgulini) ( Figs 4G, 7C, D) . The acrometope is absent. The ocelli, if present, are on the face.
Subfamily Ulopinae
The crown is usually wider than long, but in Cephalelini, the head is strongly elongated (Fig. 6H, I ). The transition to the face is usually carinate with the ecdysial line below this carina ( Figs 4F, 6D , E, H, I); the acrometope is not developed. In Coloborrhinini, the transverse carina is not developed, instead, the antennal ledges are strongly enlarged and forming the anterior margin of the crown, in which case the ecdysial line is on the dorsal side of the head (Figs 4I, 6F, G) . The ocelli are on the crown, distant from the eyes. The subgenal suture is well developed.
Subfamily Typhlocybinae
The head has a rounded or often quadrate or bilobed anterior margin; the crown-face transition is carinate, with the ecdysial line on the face; the acrometope is not developed (Figs 4C, 8A ). The ocelli, if present, are on the face. The face is usually considerably longer than wide.
Subfamily Iassinae
The crown varies in shape; the transition to the face is rounded (primary, without traces of the original carina) (Fig. 4E) or carinate with the ecdysial line mostly on the face (Figs 4C, 8B ), or only slightly extending onto the crown (Scarini) (Figs 4G, 8C, D) . When the crown-face transition is carinate, the ocelli are placed on the crown; if it is rounded, the ocelli are at the fore margin of the head; in both cases, the ocelli are distant from the eyes.
Subfamily Aphrodinae
The crown has a rounded or angulate anterior margin, about as long as wide or wider. The head of Aphrodini and Xestocephalini has a rounded or carinate crown-face transition, with the ecdysial line usually slightly above and tracing this carina ( Figs 4E, G, 8E , G, H); in Errhomenini, the crown-face transition is strongly carinate; the acrometope is well developed, and the ecdysial line forms a sharp angle on the crown (Figs 4H, 8F ). The ocelli are at the fore margin of the head (in Aphrodini and Xestocephalini) or on the crown (in Errhomenini).
Subfamily Myerslopiinae
The crown is wider than long, with a slightly produced anterior margin and carinate transition to face; the ecdysial line is on the crown, and the acrometope is distinct (Figs 4H, 9A-C). The ocelli are absent. The antennae are segmented along their length, in Paulianiana Evans, 1953 , they are placed into longitudinal grooves on the genae (Fig. 9A, B) . The epistomal suture is not visible; the frontoclypeus often has longitudinal carinae. The maxillary sensory pit is on the posterior surface of the maxillary plate.
Note. The genus Paulianiana was placed by Hamilton (1999) in the tribe Sagmatiini (Euacanthellinae). Based on combination of nymphal and adult characters (segmented antennae, enlarged meron of mesocoxa, two rows of laterotergites, etc.), it seems reasonable to keep Paulianiana in Myerslopiinae as it was previously suggested by Evans (1953) .
Subfamily Ledrinae
The head is produced, usually as long as wide or longer; the crown-face transition is carinate, with the ecdysial line on the crown (Figs 4H, 9E, F); in Ledrini, the ecdysial line is reduced and not traceable; when molting, the cuticle breaks in various places (Figs 4L, 9D) . The ocelli are on the crown, distant from the eyes. The frons and the frontal suture in Ledrinae are distinct; this led Wagner (1951) to incorrectly interpret the head of Ledra Fabricius, 1803 as having the ecdysial line on the face.
Subfamily Tartessinae
The crown is variable in shape, with rounded or produced anterior margin. The transition to the face is carinate, with the ecdysial line on the crown, or secondarily rounded; the acrometope is distinct (Fig. 4H, K) . The ocelli are on the crown, distant from the eyes.
Subfamily Neobalinae
The crown is broad, with the anterior margin subparallel to the posterior margin or weakly produced. The transition to the face is secondarily rounded; the acrometope is distinct (Fig. 4K) . The ocelli sit close to the anterior margin of the head, distant from the eyes.
Subfamily Coelidiinae
The eyes are usually enlarged. The crown is elevated above the eyes, with a rounded or (rarely) produced anterior margin. The ocelli are on the crown, distant from the anterior margin. The crown-face transition is carinate or secondarily rounded; the acrometope is distinct ( Figs 4H,  10A, B) . The crown and frontoclypeus often have a median longitudinal carina (Fig. 10A, B) . The antenna socket is near the lower margin of the eye. The gena often has a carina separating the frontoclypeus from the eye ( Fig. 10B) . Nymphs of the tribe Equeefini, while sharing some features of Coelidiinae (the large eyes and the low position of the antennae), have the crown-face transition rounded, and a long and narrow acrometope, with the traces of the original carina on the dorsal side of the head ( Figs 4K, 10G) , which is characteristic for Bathysmatophorinae, Cicadellinae, and some Deltocephalinae ( Figs  11E-H, 13A-C, I ).
Subfamily Evacanthinae
The crown is usually elevated above the eyes, about as long as wide or distinctly elongated, with an angulate anterior margin. The crown-face transition is usually carinate, with the ecdysial line on the dorsal surface; the acrometope is present (Figs 4H, 10H) . The ocelli are on the dorsum of the head, distant from the margin. The antennae are often attached near the anteroventral margin of the eyes. The strongly elongated head of Vangama Distant, 1908, is morphologically similar to that of Dorycephalini and Eupelicini (Deltocephalinae) (Fig. 12I ).
Subfamily Portaninae
The crown is longer than wide, slightly elevated above the eye, with long parallel lateral margins and an angulate anterior margin. The crown-face transition is carinate or narrowly rounded; the ecdysial line is on the dorsal side of the head; the acrometope is distinct (Figs 4H, 10C, D) . The antenna is attached near the dorsal margin of the eye, very long.
Subfamily Neocoelidiinae
The crown is as long as wide or longer, elevated above the eyes, with an angulate anterior margin. The crownface transition is carinate; the ecdysial line is on the crown; the acrometope is distinct (Figs 4H, 10E, F) . The ocelli are at the anterior margin of the head, close to the eyes. The antenna is long, attached near the medium level of the eye. 
Subfamily Hylicinae
The head is elongate; the frons is enlarged and extended into a long apical process ( Figs 4J, M, 11A, B) . The crown-face transition is carinate or rounded with traces of the original carina well visible on the dorsum of the head; the ecdysial line and ocelli are on the crown.
Subfamily Bathysmatophorinae
The head is similar to that of Cicadellinae. The crown is as long as wide or wider and has a broadly rounded anterior margin. The transition to the face is broadly rounded; the acrometope is distinct (Figs 4K, 11G, H) . The epistomal suture is often well visible. The ocelli are on the crown, distant from the anterior margin. 
Subfamily Cicadellinae
The crown has a broadly rounded or angulate anterior margin; the ocelli are on the crown, distant from the anterior margin. The crown-face transition is rounded, often broadly rounded, with a distinct acrometope (Figs 4K, 11E, F) . The epistomal suture is often distinct. Nymphs of some Proconiini have the enlarged frons extended into a long apical process ( Figs 4M, 11C, D) .
Subfamily Stegelytrinae
The head is extended, with an anterior projection apparently similar to that of Hylicinae and Proconiini (Fig. 4J,  M) , but the homology is uncertain because only a single early instar nymph was available for study. The crownface transition is rounded; the ecdysial line is on the crown. The antenna is long, attached near the lower margin of the eye.
Subfamily Deltocephalinae
The head strongly varies in shape, in some groups like Hecalini, Scaphytopiini, Drabescini, Eupelicini, it may be strongly elongated, with or without a longitudinal carina (Fig. 12C-K) . The ocelli are usually at the anterior margin of the head. The acrometope is distinct; the crown-face transition is carinate ( Figs 4H, 12 ) or secondary rounded, with distinct traces of the original carina ( Figs 4K, 13A-D) ; in some groups, like Chiasmini, Drakensbergenini, Koebeliini, the crown-face transition may became secondarily carinate with the new carina passing below or above the original one ( Figs 4N, O, 13E-H) . In Eupelicini, the ecdysial line is poorly developed, so comparing the head of Eupelix Germar, 1821 with Ledra Fabricius, 1803 and incorrectly interpreting the latter, Wagner (1950) wrongly concluded that Eupelix also has the ecdysial line on the face.
Subfamily Nioniinae
The crown is considerably wider than long (very short in adults) with the anterior margin broadly rounded. The transition to the face is secondarily broadly rounded; the acrometope is distinct and, small (Figs 4K, 13I ). Subfamilies Mileewinae, Signoretiinae, Neopsinae, and Euacanthellinae Nymphs of Mileewinae, Signoretiinae, Neopsinae, and Euacanthellinae were not studied.
DISCUSSION
Differences in interpretation of the head homologies
As seen in Table 1 , the main problem in understanding the homologies of the head of Membracoidea is drawing the boundary between the clypeus and the frons. The two sclerites are separated by the epistomal suture, which in the traditional interpretation is marked externally by the position of the anterior tentorial pits. In Membracoidea adults, the epistomal suture usually is not visible, so the large medial portion of the face is often called the frontoclypeus (fcl), indicating that the boundaries of the frons and clypeus are uncertain. The anterior tentorial pits in Auchenorrhyncha are positioned close to the bases of the antennae.
Snodgrass (1935, 1947) interpreted the epistomal suture as a "secondary device for strengthening the head wall". He considered the boundary between the clypeus and frons only as a functional one, suggesting that the frons is the place of attachment for the labral muscles, whereas the clypeus is the place of attachment for the dilator muscles of the cibarium and the dorsal muscles of the buccal cavity. His interpretation was based on the study of the cicada head and was leter criticized by Cook (1944); Ferris (1944) , DuPorte (1962), and Matsuda (1965) , who stated that although the cibarial muscles usually originate in the clypeus, they may shift to the frons or even to the vertex in response to functional requirements. DuPorte (1946 DuPorte ( , 1962 studied the head of a cicada and suggested drawing a possible epistomal suture as a straight line between the tentorial pits. Doing this, he interpreted the postclypeus of cicada as the frontoclypeus and the epistomal suture (called the transfrontal sulcus) as a secondary line dividing the frons into two parts, the dorsal postfrons and the ventral antefrons.
Hamilton (1981) and Mejdalani (1998 ) used DuPorte's (1946 , 1962 ) and Matsuda's (1965 interpretation of the head of Psocoptera and referred to the large sclerite of the face of Hemiptera as the frons. Matsuda (1965) used the position of the frontal ganglion as an indicator of the boundary between the clypeus and frons. Yoshizawa & Saigusa (2003) criticized the works by DuPorte, Matsuda, and Hamilton, showing that the internal epistomal ridge is directed toward or slightly ventrad of the frontal ganglion. Using Matsuda's definition of the frons, as well as the attachment of the cibarial muscles, Yoshizava & Saigusa (2003) concluded that the large sclerite of the face of Psocoptera, as well as Hemiptera, should be interpreted as the postclypeus. Anufriev & Emeljanov (1988) and Emeljanov (1995) proposed an alternative terminology for head sclerites based on the differences in distribution of the sensory pits on the nymphal head of Delphacidae and Cixiidae (Fulgoroidea). The posterior portion of the dorsum of the head which never has sensory pits was called the coryphe; the anterior portion of the dorsum of the head and a part of the face above the clypeus and frons, often having sensory pits, was referred to as the metope. The metope could secondary be divided by a transverse carina into two parts: dorsal portion, the acrometope, and ventral portion, the eumetope. The acrometope united with the coryphe forms the macrocoryphe.
After comparison of the head of Fulgoroidea with the head of leafhoppers and other insects, it was discovered, that the coryphe is the homologous structure with the vertex; the metope is homologous to the postfrons; and the macrocoryphe is homologous to the crown (Fig. 1 , Table  1 ). The acrometope and eumetope as a secondary modification of the head capsule do not have alternative names and were retained in this paper. Kukalová-Peck (1985 , 1987 , 1991 , 1992 ) published a reconstruction of the head of the Lower Permian Permuralia rodendorfi (Diaphanopterodea) (Fig. 2) which shows the head segmentation and closely resembles the ground plan of Hemiptera (Fig. 1) . The postfrons of Permuralia has a dorsal triangular sclerite interpreted by Kukalová-Peck as a tergite of the first segment of the head (the lateral portions are interpreted as epicoxae), and similar to the acrometope (see below) of Fulgoroidea and Cicadellidae. The acrometope in this paper is considered a secondary modification related to flattening of the head capsule that evolved multiple times within Auchenorrhyncha and, thus, is not homologous to the first tergite of Permuralia Sinichenkova & Kukalová-Peck (1997) .
In 2008, Kukalová-Peck published a new scheme of the generalized insect head, where she interprets the frons and postfrons as being parts of the acron, a frontal flap of a non segmental origin, which was not previously reported in Arthropoda. She also shifted the position of the frons and postfrons above the median ocellus, so that the frons, in her interpretation, corresponds to the postfrons in the Fig. 1 , and the postfrons corresponds to the anterior part of the vertex. This scheme is completely different from the traditional interpretation of the head structure (DuPorte, 1946 (DuPorte, , 1962 Snodgrass, 1935 Snodgrass, , 1947 Matsuda, 1965) . Kukalová-Peck did not comment on landmarks used for distinguishing the frons from the postclypeus (such as the position of the anterior tentorial pits, attachment of the dilator muscle of the cibarium, and the position of the frontal ganglion). Thus, her scheme is not adopted here because it requires further evaluation and the establishment of new criteria for separating the frons and clypeus, as well as the vertex and postfrons. DuPorte (1946) and Snodgrass (1947) provided evidence that the ecdysial line is just a functional line of the weakness of the cuticle, rather than a constant morphological feature. It varies within different groups of insects in the position of the fork and in the points where the arms terminate. In Auchenorrhyncha, this line is more or less constant and shifts its position reflecting to the secondary modification of the head capsule and changes in the proportions of the sclerites.
Additionally, the agreement was not achieved on the origin of the lorum (mandibular plate). Snodgrass (1935 Snodgrass ( , 1947 thought that the lorum is a part of the hypopharynx and has the mandibular origin; Evans (1957 Evans ( , 1968 Evans ( , 1973 Evans ( , 1975 and Lew (1960) considered it as a separate part of the clypeus; Parsons (1964) like Snodgrass also considered the lorum as a derivative of the hypopharynx, but of a nonapendicular origin. Embriological studies (see Matsuda, 1965) suggest composite clypeal and hypopharyngial (mandibular) origin of the lorum. So, the term "mandibular plate", which is widely used in systematics of Heteroptera referring to the same structure, does not have sufficient morphological basis. For the detailed discussion of the origin of the lorum see the works of Lew (1960) , Matsuda (1965) , and Evans (1975) ; this is out of the scope of this paper, because in spite of the differences of opinions, the lorum is consistently considered as a homologous structure among different groups of Auchenorrhyncha.
The maxillary plate of Hemiptera is considered as a structure of the maxillary origin by most of the researchers, but this was doubted by Parsons (1964) and Bourgoin (1986b) . They suggested a genal-postgenal non appendicular origin of the plate and that the subgenal suture, which present in some Hemiptera is not a homologous structure to the subgenal suture in other Pterygota. Evans (1973) described a sensory pit (now often referred to as the Evans' organ) as being present on the maxillary plate of leafhoppers. He interpreted it as a remnant of the maxillary palp of other insects. Bourgoin (1986b) confirmed the presence of this structure in all Auchenorrhyncha and Coleorhyncha, but absence in Sternorhyncha and Heteroptera. Based on the variable placement of the sensory pit on the maxillary plate or gena in Fulgoroidea, Bourgoin speculated about its dubious homology with the maxillary palp.
CONCLUSIONS
The head of Auchenorrhyncha is strongly variable in its shape, but has distinct patterns within separate families, subfamilies, and tribes. These patterns should be used as important characters for resolving phylogenetic relationships among higher lineages of Auchenorrhyncha.
Nymphs of Auchenorrhyncha are more useful for understanding the head structure than adults.
